The nucleotide sequences at the ends of the Tn4 transposon (mercury, spectinomycin and sulfonamide resistance) have been determined. They are inverted repeated sequences of 38 nucleotides with three mismatched base pairs. These sequences are strongly homologous with the terminal sequences of Tn501 (mercury resistance) but less so with those of Tn3 (ampicillin resistance). The Tn4 transposon generates pentanucleotide direct repeat sequences at each of the insertion sites. These are A-T rich sequences analogous to those reported for most of the pentanucleotide members (Tn3, TnlOOO, Tn501, Tn551, IS2) with the exception of Tnl721 and bacteriophage Mu. Among the three Tn4 insertion sites examined here, two of them occurred near a nonanucleotide sequence in perfect homology with part of the terminal inverted-repeat sequence of Tn4 and the third insertion occurred near a sequence of partial homology to one end of Tn4. All three insertions were in the same orientation such that IR, is proximal to its homologous sequence on the recipient DNA.
INTRODUCTION
An increasing number of transposable elements have been described in bacteria and eukaryotes.'' 2 The prokaryotic transposable elements have been demonstrated to move from the donor replicons to numerous locations on the recipient DNA molecules. The recipient sites can be highly specific. For instance, only one insertion site has been found in the gal region of Escherlchia coli for IS4. 3 Some of these elements tend to insert in clusters within a short region on the recipient molecule. "* 10 however, they do prefer certain nucleotide sequence combinations as insertion sites and hot spots (at the nucleotide sequence level) of insertion have clearly been demonstrated for Tn3 11 and Tn9 (IS1). Judging from the published results 15 16 (especially Tn3 and TnlOOO or y6)> all the nucleotides of the element are used very efficiently in protein coding capacity and in structural requirement(s) for transposition. Recently, a composite transposon (Tnl721) was reported by Schb'ff et al. 17 It is known to contain three identical repeats. These repeated sequences divide the transposon into two domains, one responsible for transposition and the other responsible for drug resistance.
Among the known transposons, Tn4 is the largest in size. It carries much more genetic information than can be accounted for by all of its resistance markers. Before attempting to dissect the internal gene organization of the Tn4 transposon, we have transposed Tn4 onto a small recipient plasmid (pTU4) and characterized its terminal nucleotide sequences including several
Insertion sites within the structural gene for chloramphenicol acetyltransferase (CAT). were obtained from Sigma.
MATERIALS AND METHODS

Enzymes
Bacterial Strains and Plasmids: E_. coli strain used in this study was a recA13 derivative of W3101 as previously described.
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The pTU4 plasmid (4.0kb) was a derivative of pACYC184 carrying chloramphenicol resistance. 18 The pTU6 plasmid (pPM103::Tn4) was a temperature sensitive replication mutant of pSClOl (Tc r ) carrying a Tn4 element constructed in Prof. Stanley N. The labeled fragments were then fractionated on a 3.52 acrylamide gel.
5'-End labeling with T4 polynucleotide kinase on phosphatase (BAPF) treated DNA fragments was carried out according to published procedures. 23 Bacterial alkaline phosphatase reaction mixture was loaded onto a small DE52 column in a pipet tip. Phosphatase was removed by washing the column with 1 ml of 50 mM Tris-Cl pH 7.8, 1 mM EDTA and 0. 2 M NaCl. The DNA fragments were then eluted with 50 mM Tris-Cl pH 7.8, 1 mM EDTA and 2 M NaCl in 250 yl.
Strand Separation of 32 P Labeled Fragments: The procedure described by
Maxam and Gilbert 22 was followed using an 8Z acrylamide gel.
DNA Sequence Analysis: The reactions: G, A > C, C, and C + T were carried out as described by Maxam and Gilbert. 22 The products were fractionated on 8, 15, or 252 thin acrylamide (1:24 bisacrylamide:acrylamide) gels as described by Sanger and Coulson. sequence has been reported by Alton and Vapnek. 27 The Tn4 insertion site sequences can be easily obtained from sequencing each pair of junction fragments in these three pTU4::Tn4 DNAs. As shown in Figure 2 , the largest Hhal fragment of pTU4 (containing the structural gene of CAT)'' was missing in pTU4-4011, pTU4-4014, and pTU4-4025 due to the Tn4 insertion. All the Hhal fragments in these three DNA samples were identical except for a pair of fragments. They were isolated and further dissected for DNA sequence analysis according to the strategy in Figure 3 
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The pentanucleotide duplication at the Tn4 insertion sites were found to be AT-rich whereas the terminal nucleotides (last 6 pairs from IR and last 4 Tn3 insertion site sequences available from a number of different laboratories, none of them contained more than 2 GC pairs in the pentanucleotide duplication.
5' 3'
For the Tn3 transposon, site specific insertion has been reported. An insertion hot spot (at the nucleotide sequence level) was found to be close to a sequence highly homologous to the ends of Tn3 with a stretch of AT-rich sequence in its vicinity.
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For the Tn9 transposon, sites of multiple insertion were also found to be near a seven base-pair sequence identical to the last seven base-pairs of IS1.
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The nonanucleotide duplication at these sites of multiple insertions all contained a GC pair at either or both ends.
Most recently, sequence homology to the ends of Tn5 was reported near the three insertion sites analyzed by Bossi and Ciampi. Possible secondary structure drawn from the upper strand sequences in (a) with arrows representing the pentanucleotide duplication. The nonanucleotide perfect homology between IR, and nearby pTU4 sequences were indicated in the boxed region.
proposed to be responsible for the observed preference of Tn3 insertion orientation. In the preferred orientation, this lObp sequence is in close proximity to the recipient DNA sequences which are homologous to the terminal sequence of Tn3 in an inverted-repeat orientation.
The generation of pentanucleotide duplication at the Tn4 insertion sites together with its 38 nucleotide terminal inverted-repeat sequence suggests that Tn4 is a member of the Tn3, TnlOOO (y6) family. The resistance markers on Tn4 are known to require a coding capacity of no more than 8.1kb (3 EcoRI fragments) DNA. 
